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(57) ABSTRACT

A method includes acquiring information on an in-image
coordinate point of a region of interest contained in each of
a plurality of images respectively photographed by a plu-
rality of image modules; specifying, with reference to infor-
mation on a position where at least one of the plurality of
image modules is installed and information on an in-image
coordinate point of a target region of interest contained in an
image photographed by the at least one image module, a
candidate figure containing a position where the target
region of interest is located in a reference space; and
specifying the position where the target region of interest is
located in the reference space, with reference to a positional
relationship between a first candidate figure of the target
region of interest corresponding to a first image module and
a second candidate figure of the target region of interest
corresponding to a second image module.
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1
METHOD AND SYSTEM FOR
CALCULATING SPATIAL COORDINATES OF
REGION OF INTEREST, AND
NON-TRANSITORY COMPUTER-READABLE
RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation application of Patent
Cooperation Treaty (PCT) International Application No.
PCT/KR2018/010711 filed on Sep. 12, 2018, which claims
priority to Korean Patent Application No. 10-2018-0056039
filed on May 16, 2018. The entire contents of PCT Interna-
tional Application No. PCT/KR2018/010711 and Korean
Patent Application No. 10-2018-0056039 are hereby incor-
porated by reference.

FIELD OF THE INVENTION

The present invention relates to a method, system, and
non-transitory computer-readable recording medium for cal-
culating a spatial coordinate point of a region of interest.

BACKGROUND

In recent years, as interest in augmented reality (AR) or
virtual reality (VR) is increasing and research and develop-
ment in related technical fields are actively carried out, a
variety of techniques for acquiring a spatial coordinate point
of an object have been introduced.

As one example of conventional techniques, a three-
dimensional coordinate measurement device for measuring
three-dimensional coordinate points of a user’s body using
a time-of-flight (TOF) technique has been introduced.

However, according to the techniques introduced so far as
well as the above-described conventional technique, there is
a problem that excessive resources and plenty of time are
required in acquiring a spatial coordinate point of an object,
because (1) when a single three-dimensional camera is used,
there may be an area obscured by the camera depending on
a position or direction of the object, and (2) when two or
more three-dimensional cameras are used, a spatial coordi-
nate point of a desired region can be calculated only after
receiving not only a coordinate point of the desired region
but also all images containing the desired region and its
surrounding regions (or entire coordinate points correspond-
ing thereto) from each of the cameras, and then integrating
the received images to calculate spatial coordinate points of
all the regions.

In this connection, the inventor(s) present a technique
capable of receiving information on in-image coordinate
points of a region of interest contained in images photo-
graphed by a plurality of image modules, and selectively
calculating only a spatial coordinate point of the region of
interest using the received information.

SUMMARY OF THE INVENTION

One object of the present invention is to solve all the
above-described problems in the prior art.

Another object of the invention is to calculate a coordi-
nate point of a region of interest in a reference space by not
acquiring images photographed by a plurality of image
modules but acquiring only information on in-image coor-
dinate points of the region of interest contained in the
images.
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Yet another object of the invention is to prevent privacy
invasion problems due to hacking or the like by not acquir-
ing images photographed by a plurality of image modules
but selectively collecting only information on in-image
coordinate points of the region of interest contained in the
images.

Still another object of the present invention is to calculate
a coordinate point of a region of interest in a reference space
using less resources.

The representative configurations of the invention to
achieve the above objects are described below.

According to one aspect of the invention, there is pro-
vided a method for calculating a spatial coordinate point of
a region of interest, the method comprising the steps of:
acquiring information on an in-image coordinate point of a
region of interest contained in each of a plurality of images
respectively photographed by a plurality of image modules;
specifying, with reference to information on a position
where at least one of the plurality of image modules is
installed and information on an in-image coordinate point of
a target region of interest contained in an image photo-
graphed by the at least one image module, a candidate figure
containing a position where the target region of interest is
located in a reference space; and specifying the position
where the target region of interest is located in the reference
space, with reference to a positional relationship between a
first candidate figure of the target region of interest corre-
sponding to a first image module and a second candidate
figure of the target region of interest corresponding to a
second image module.

According to another aspect of the invention, there is
provided a system for calculating a spatial coordinate point
of a region of interest, the system comprising: an informa-
tion acquisition unit configured to acquire information on an
in-image coordinate point of a region of interest contained in
each of a plurality of images respectively photographed by
a plurality of image modules; and a spatial coordinate
calculation unit configured to specify, with reference to
information on a position where at least one of the plurality
of image modules is installed and information on an in-
image coordinate point of a target region of interest con-
tained in an image photographed by the at least one image
module, a candidate figure containing a position where the
target region of interest is located in a reference space, and
to specify the position where the target region of interest is
located in the reference space, with reference to a positional
relationship between a first candidate figure of the target
region of interest corresponding to a first image module and
a second candidate figure of the target region of interest
corresponding to a second image module.

In addition, there are further provided other methods and
systems to implement the invention, as well as non-transi-
tory computer-readable recording media having stored
thereon computer programs for executing the methods.

According to the invention, it is possible to calculate a
coordinate point of a region of interest in a reference space
by not acquiring images photographed by a plurality of
image modules but acquiring only information on in-image
coordinate points of the region of interest contained in the
images.

According to the invention, it is possible to prevent
privacy invasion problems due to hacking or the like by not
acquiring images photographed by a plurality of image
modules but selectively collecting only information on in-
image coordinate points of the region of interest contained
in the images.
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According to the invention, it is possible to calculate a
coordinate point of a region of interest in a reference space
using less resources.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustratively shows the configuration of an entire
system for calculating a spatial coordinate point of a region
of interest according to one embodiment of the invention.

FIG. 2 specifically shows the internal configuration of a
position calculation system according to one embodiment of
the invention.

FIG. 3 illustratively shows how to specify a position
where a target region of interest is located in a reference
space according to one embodiment of the invention.

FIG. 4 illustratively shows how to specify a position
where a target region of interest is located in a reference
space in consideration of resolutions of image modules
according to one embodiment of the invention.

FIG. 5 illustratively shows how to specify a matching
relationship between candidate figures according to one
embodiment of the invention.

FIG. 6 illustratively shows how to specify a matching
relationship between candidate figures according to one
embodiment of the invention.

FIG. 7 illustratively shows how to specify a matching
relationship between candidate figures according to one
embodiment of the invention.

FIG. 8 illustratively shows how to specify a matching
relationship between candidate figures according to one
embodiment of the invention.

FIG. 9 illustratively shows how to specify a matching
relationship between candidate figures according to one
embodiment of the invention.

FIG. 10 illustratively shows how to specify a positional
relationship between a plurality of image modules according
to one embodiment of the invention.

FIG. 11 illustratively shows how to calculate a spatial
coordinate point of a region of interest by a position calcu-
lation system according to one embodiment of the invention.

FIG. 12 illustratively shows how to specify positions of a
plurality of image modules using information on physical
values of an object according to one embodiment of the
invention.

DETAILED DESCRIPTION

In the following detailed description of the present inven-
tion, references are made to the accompanying drawings that
show, by way of illustration, specific embodiments in which
the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the invention. It is to be understood that the
various embodiments of the invention, although different
from each other, are not necessarily mutually exclusive. For
example, specific shapes, structures and characteristics
described herein may be implemented as modified from one
embodiment to another without departing from the spirit and
scope of the invention. Furthermore, it shall be understood
that the positions or arrangements of individual elements
within each of the embodiments may also be modified
without departing from the spirit and scope of the invention.
Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of the invention is
to be taken as encompassing the scope of the appended
claims and all equivalents thereof. In the drawings, like
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reference numerals refer to the same or similar elements
throughout the several views.

Hereinafter, various preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings to enable those skilled in the art to
easily implement the invention.

Configuration of the Entire System

FIG. 1 illustratively shows the configuration of the entire
system for calculating a spatial coordinate point of a region
of interest according to one embodiment of the invention.

As shown in FIG. 1, the entire system according to one
embodiment of the invention may comprise a communica-
tion network 100, a position calculation system 200, and a
plurality of image modules 300.

First, the communication network 100 according to one
embodiment of the invention may be implemented regard-
less of communication modality such as wired and wireless
communications, and may be constructed from a variety of
communication networks such as local area networks
(LANSs), metropolitan area networks (MANSs), and wide area
networks (WANSs). Preferably, the communication network
100 described herein may be the Internet or the World Wide
Web (WWW). However, the communication network 100 is
not necessarily limited thereto, and may at least partially
include known wired/wireless data communication net-
works, known telephone networks, or known wired/wireless
television communication networks.

For example, the communication network 100 may be a
wireless data communication network, at least a part of
which may be implemented with a conventional communi-
cation scheme such as radio frequency (RF) communication,
WiFi communication, cellular communication (e.g., Long
Term Evolution (LTE) communication), Bluetooth commu-
nication (more specifically, Bluetooth Low Energy (BLE)
communication), infrared communication, and ultrasonic
communication.

Next, the position calculation system 200 according to
one embodiment of the invention may be a digital device
having a memory means and a microprocessor for comput-
ing capabilities. The position calculation system 200 may be
a server system.

According to one embodiment of the invention, the posi-
tion calculation system 200 may function to: acquire infor-
mation on an in-image coordinate point of a region of
interest contained in each of a plurality of images respec-
tively photographed by the plurality of image modules 300
to be described below; specify, with reference to information
on a position where at least one of the plurality of image
modules 300 is installed and information on an in-image
coordinate point of a target region of interest contained in an
image photographed by the at least one image module, a
candidate figure containing a position where the target
region of interest is located in a reference space; and specify
the position where the target region of interest is located in
the reference space, with reference to a positional relation-
ship between a first candidate figure of the target region of
interest corresponding to a first image module 310 and a
second candidate figure of the target region of interest
corresponding to a second image module 320.

The reference space according to one embodiment of the
invention may encompass a space defined in a coordinate
system with respect to which the position calculation system
200 according to the invention calculate a spatial coordinate
point of a region of interest.

The configuration and functions of the position calcula-
tion system 200 according to the invention will be discussed
in more detail below. Meanwhile, although the position
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calculation system 200 has been described as above, the
above description is illustrative, and it will be apparent to
those skilled in the art that at least a part of the functions or
components required for the position calculation system 200
may be implemented or included in an external system (not
shown), as necessary.

Next, the plurality of image modules 300 according to one
embodiment of the invention may be connected to the
position calculation system 200 via the communication
network 100, and may function to specify at least one region
of interest contained in a plurality of images respectively
photographed by the plurality of image modules 300, and
extract information on in-image coordinate points of the
specified region of interest.

For example, the plurality of image modules 300 accord-
ing to one embodiment of the invention may include camera
modules (e.g., two-dimensional, three-dimensional, or the
like), image or video sensors, and the like.

Configuration of the Position Calculation System

Hereinafter, the internal configuration of the position
calculation system 200 crucial for implementing the inven-
tion and the functions of the respective components thereof
will be discussed.

FIG. 2 specifically shows the internal configuration of the
position calculation system 200 according to one embodi-
ment of the invention.

As shown in FIG. 2, the position calculation system 200
according to one embodiment of the invention may comprise
an information acquisition unit 210, a spatial coordinate
calculation unit 220, a communication unit 230, and a
control unit 240. According to one embodiment of the
invention, at least some of the information acquisition unit
210, the spatial coordinate calculation unit 220, the com-
munication unit 230, and the control unit 240 may be
program modules to communicate with an external system.
The program modules may be included in the position
calculation system 200 in the form of operating systems,
application program modules, and other program modules,
while they may be physically stored in a variety of com-
monly known storage devices. Further, the program modules
may also be stored in a remote storage device that may
communicate with the position calculation system 200.
Meanwhile, such program modules may include, but not
limited to, routines, subroutines, programs, objects, compo-
nents, data structures, and the like for performing specific
tasks or executing specific abstract data types as will be
described below in accordance with the invention.

First, the information acquisition unit 210 according to
one embodiment of the invention may function to acquire
information on an in-image coordinate point of a region of
interest contained in each of a plurality of images respec-
tively photographed by the plurality of image modules 300.

Specifically, the plurality of image modules 300 accord-
ing to one embodiment of the invention may specify an
image corresponding to the region of interest among the
plurality of images, and extract information on an in-image
coordinate point of the specified region of interest. The
information acquisition unit 210 may acquire the extracted
information on the in-image coordinate point of the region
of interest from each of the plurality of image modules 300.

For example, according to one embodiment of the inven-
tion, among a plurality of images of a user’s body respec-
tively photographed by a plurality of cameras 300, an image
of a predetermined body part (e.g., a hand, a fingertip, an
eye, or the like) of the user may be specified as an image of
a region of interest. Further, according to one embodiment
of the invention, each of the plurality of cameras 300 may
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extract information on a two- or three-dimensional in-image
coordinate point of the specified region of interest, and the
information acquisition unit 210 may acquire the extracted
information on the two- or three-dimensional coordinate
point from each of the plurality of cameras 300. According
to one embodiment of the invention, the information on the
two- or three-dimensional in-image coordinate point of the
region of interest may be acquired from information on
in-image pixels or voxels of the region of interest.

Next, the spatial coordinate calculation unit 220 accord-
ing to one embodiment of the invention may function to
specify, with reference to information on a position where at
least one of the plurality of image modules 300 is installed
and information on an in-image coordinate point of a target
region of interest contained in an image photographed by the
at least one image module, a candidate figure containing a
position where the target region of interest is located in a
reference space. The target region of interest according to
one embodiment of the invention may refer to at least one of
a plurality of regions of interest specified by each of the
plurality of image modules 300, or may encompass a region
of'interest specified by at least some of the plurality of image
modules 300 among a plurality of regions of interest speci-
fied by the plurality of image modules 300. Further, the
candidate figure according to one embodiment of the inven-
tion may refer to a point, a line (which may include a vector),
a surface, a body, or a set thereof.

Specifically, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
a candidate figure containing a position where the target
region of interest is located in the reference space, with
respect to a position where the at least one image module is
installed in the reference space.

More specifically, when a first image module 310 and a
second image module 320 of the plurality of image modules
300 are two-dimensional image modules, the spatial coor-
dinate calculation unit 220 according to one embodiment of
the invention may specity a candidate figure corresponding
to each of the first image module 310 and the second image
module 320, which contains a position where the target
region of interest is located in the reference space, as a
vector. In this case, according to one embodiment of the
invention, the vector may be established such that an initial
(or terminal) point thereof is located at a coordinate point of
a position where the corresponding image module is
installed in the reference space, and a terminal (or initial)
point thereof is located at a coordinate point in the reference
space that is transformed from an in-image coordinate point
of the target region of interest corresponding to the image
module, with respect to the coordinate point of the position
where the image module is installed in the reference space.
Further, when the first image module 310 and the second
image module 320 of the plurality of image modules 300 are
three-dimensional image modules, the spatial coordinate
calculation unit 220 according to one embodiment of the
invention may specify a candidate figure corresponding to
each of the first image module 310 and the second image
module 320, which contains a position where the target
region of interest is located in the reference space, as a
spatial figure (e.g., a cube, a rectangular parallelepiped, a
sphere, or the like). Furthermore, when the first image
module 310 and the second image module 320 of the
plurality of image modules 300 are a three-dimensional
image module and a two-dimensional image module,
respectively, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
candidate figures corresponding to the first image module
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310 and the second image module 320, which contain a
position where the target region of interest is located in the
reference space, as a spatial figure and a vector, respectively.

Further, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
the candidate figure with further reference to information on
properties of at least one of the plurality of image modules
300. According to one embodiment of the invention, the
information on the properties of the at least one image
module may include information on a resolution, an angle of
view, a focal length, support for three-dimensions, and the
like of the image module.

For example, the spatial coordinate calculation unit 220
according to one embodiment of the invention may refer to
information on an angle of view, a focal length, and the like
of at least one of the plurality of image modules 300 to
determine information on at least one of a transformation
angle (e.g., a rotation angle), a transformation position, and
a transformation shape (e.g., a spatial figure when the image
module 300 is a three-dimensional image module, or a
vector when the image module 300 is a two-dimensional
image module) for transforming an in-image coordinate
point of a target region of interest corresponding to the at
least one image module to a coordinate point in the reference
space, with respect to a coordinate point of a position where
the at least one image module is installed in the reference
space, thereby specifying a position where the target region
of interest corresponding to the at least one image module is
located in the reference space and a candidate figure con-
taining the position.

Meanwhile, when some of the plurality of image modules
300 (e.g., a third image module) are determined to have
difficulty in acquiring information on an in-image coordinate
point of a target region of interest (e.g., when the region of
interest is obscured by the user and is not visible), the spatial
coordinate calculation unit 220 according to one embodi-
ment of the invention may refer to information on positions
where image modules other than the third image module
among the plurality of image modules 300 are installed, and
information on in-image coordinate points of the target
region of interest contained in images photographed by the
image modules other than the third image module among the
plurality of image modules 300.

Further, the spatial coordinate calculation unit 220
according to one embodiment of the invention may function
to specify the position where the target region of interest is
located in the reference space, with reference to a positional
relationship between a first candidate figure of the target
region of interest corresponding to the first image module
310 and a second candidate figure of the target region of
interest corresponding to the second image module 320.

For example, according to one embodiment of the inven-
tion, the candidate figures of the first image module 310 and
the second image module 320 may be specified as vectors
when the first image module 310 and the second image
module 320 are two-dimensional image modules, and the
spatial coordinate calculation unit 220 may specify a point
of intersection between a first vector of the target region of
interest corresponding to the first image module 310 and a
second vector of the target region of interest corresponding
to the second image module 320 as the position where the
target region of interest is located in the reference space.
Meanwhile, according to one embodiment of the invention,
when the first and second vectors do not intersect, a mid-
point of the shortest line connecting the first and second
vectors may be specified as the position where the target
region of interest is located in the reference space.
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As another example, according to one embodiment of the
invention, the candidate figures of the first image module
310 and the second image module 320 may be specified as
spatial figures when the first image module 310 and the
second image module 320 are three-dimensional image
modules, and the spatial coordinate calculation unit 220 may
specify a region of intersection between a first spatial figure
of the target region of interest corresponding to the first
image module 310 and a second spatial figure of the target
region of interest corresponding to the second image module
320 as the position where the target region of interest is
located in the reference space. More specifically, according
to one embodiment of the invention, when the first and
second spatial figures completely intersect (i.e., overlap)
each other, an average coordinate point of the first or second
spatial figure may be specified as the position where the
target region of interest is located in the reference space.
When the first and second spatial figures only partially
intersect each other, a midpoint of a line connecting average
coordinate points of the first and second spatial figures may
be specified as the position where the target region of
interest is located in the reference space.

As yet another example, referring to FIG. 3, according to
one embodiment of the invention, the candidate figures of
the first image module 310 and the second image module
320 may be specified as a spatial figure and a vector,
respectively, when the first image module 310 and the
second image module 320 are a three-dimensional image
module and a two-dimensional image module, respectively,
and the spatial coordinate calculation unit 220 may specify
apoint of intersection between a third spatial figure or object
331, 332, 333 of the target region of interest corresponding
to the first image module 310 and a third vector 341, 342,
343 of the target region of interest corresponding to the
second image module 320 as the position where the target
region of interest is located in the reference space. More
specifically, according to one embodiment of the invention,
a midpoint of the shortest line connecting the third vector
341 and an average coordinate point of the third spatial
figure or object 331 may be specified as the position where
the target region of interest is located in the reference space.

Meanwhile, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
a point where the target region of interest is located in the
reference space, with further reference to resolution infor-
mation among the information on the properties of the image
modules.

Specifically, the spatial coordinate calculation unit 220
according to one embodiment of the invention may adap-
tively determine an area or volume of a candidate figure
indicating the position where the target region of interest is
located in the reference space, according to resolutions of
the image modules.

For example, referring to FIG. 4, the spatial coordinate
calculation unit 220 according to one embodiment of the
invention may refer to information on a resolution of the first
image module 310 (which is a three-dimensional image
module) to establish a first cube 401, a second cube 402, and
a third cube 403 in the reference space, respectively, in
correspondence to in-image coordinate points of a plurality
of target regions of interest of the first image module 310,
and may determine volumes of the above cubes (i.e., the first
cube 401, the second cube 402, and the third cube 403) to be
larger as the resolution of the first image module 310 is
lower.

As another example, the spatial coordinate calculation
unit 220 according to one embodiment of the invention may
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refer to information on a resolution of the second image
module 320 (which is a two-dimensional image module) to
establish a first tetragon 411, a second tetragon 421, and a
third tetragon 431 in the reference space, respectively, in
correspondence to in-image coordinate points of a plurality
of'target regions of interest of the second image module 320,
and may determine areas of the above tetragons to be larger
as the resolution of the second image module 320 is lower.
Further, in this case, according to one embodiment of the
invention, the spatial coordinate calculation unit 220 may
specify the position where the target region of interest is
located in the reference space, using a quadrangular pyramid
(i.e., a first quadrangular pyramid, a second quadrangular
pyramid, and a third quadrangular pyramid) connecting a
position where the second image module 320 is installed in
the reference space and a tetragon in the reference space
corresponding to in-image coordinate points of the target
region of interest, instead of the above-described vectors of
the target region of interest corresponding to the second
image module 320.

Meanwhile, the shape of a surface that may be established
in the reference space in correspondence to in-image coor-
dinate points of the target region of interest according to the
invention is not limited to a tetragon as described above, but
may be changed to a circle, a triangle, a pentagon, and the
like as long as the objects of the invention may be achieved.
The shape of a solid that that may be established in the
reference space in correspondence to in-image coordinate
points of the target region of interest according to the
invention is not limited to a cube as described above, but
may be changed to a rectangular parallelepiped, a sphere, an
ellipsoid, and the like.

Further, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
a candidate figure whose positional relationship is to be
matched with a first candidate figure of the first image
module 310 (or the second image module 320) among at
least one candidate figure of the second image module 320
(or the first image module 310).

For example, referring to FIG. 5, at least one of the
plurality of image modules 300 according to one embodi-
ment of the invention may be synchronized with each other
on a frame basis, and the spatial coordinate calculation unit
220 may specify a candidate figure or object 521 whose
positional relationship is to be matched with a first candidate
figure or object 511 of the first image module 310 (or the
second image module 320) among at least one candidate
figure or object 521, 522, 523 of the second image module
320 (or the first image module 310) on the basis of each
frame synchronized between the first image module 310 and
the second image module 320.

As another example, referring to FIG. 6, the information
on in-image coordinate points of a region of interest, which
is acquired by the information acquisition unit 210 accord-
ing to one embodiment of the invention, may include
identification information 601, 602, 603, 604, 605, 611, 612,
613, 614, 615 that may be distinguished between the image
modules or target regions of interest. The spatial coordinate
calculation unit 220 may specify a candidate figure or object
611 whose positional relationship is to be matched with a
first candidate figure or object 601 of the first image module
310 (or the second image module 320) among at least one
candidate figure or object 611, 612, 613, 614, 615 of the
second image module 320 (or the first image module 310)
with reference to the identification information 601, 602,
603, 604, 605, 611, 612, 613, 614, 615. Further, the identi-
fication information according to one embodiment of the
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invention may include information on at least one of a shape,
color, temperature, pattern, and marker (e.g., emoji, QR
code, etc.) specified in the images of the region of interest.

As yet another example, according to one embodiment of
the invention, when candidate figures of the first image
module 310 and the second image module 320 do not match
one-to-one (e.g., when the number of candidate figures of
the first image module 310 is different from the number of
candidate figures of the second image module 320, or when
there is a many-to-many relationship), the spatial coordinate
calculation unit 220 may specify a candidate figure whose
positional relationship is to be matched with a first candidate
figure of the first image module 310 (or the second image
module 320) among at least one candidate figure of the
second image module 320 (or the first image module 310) by
specifying candidate figures that may be grouped among the
candidate figures of the first image module 310 and the
second image module 320.

For example, referring to FIGS. 7 to 9, when a matching
relationship between candidate figures of the first image
module 310 and the second image module 320 (vectors or
spatial figures in this case) is not a one-to-one relationship,
the spatial coordinate calculation unit 220 according to one
embodiment of the invention may group and match vectors
or spatial figures within a predetermined distance from the
vectors or spatial figures that do not match one-to-one.

Further, the spatial coordinate calculation unit 220
according to one embodiment of the invention may specify
information on a positional relationship of the plurality of
image modules 300 with reference to coordinate points
corresponding to at least three target regions of interest.
According to one embodiment of the invention, the infor-
mation on the positional relationship may include informa-
tion on angles formed between the plurality of image
modules 300, angles at which the plurality of image modules
300 are inclined in the reference space, and photographing
directions of the plurality of image modules 300.

Specifically, when information on in-image coordinate
points of at least three target regions of interest is acquired
from each of the plurality of image modules 300, the spatial
coordinate calculation unit 220 according to one embodi-
ment of the invention may specify the information on the
positional relationship of the plurality of image modules 300
with reference to at least three points (or regions) of inter-
section between candidate figures of the target regions of
interest corresponding to the plurality of image modules
300.

For example, referring to FIG. 10, according to one
embodiment of the invention, when in-image coordinate
points of three target regions of interest are first to third
coordinate points 1001, 1002, 1003 and fourth to sixth
coordinate points 1004, 1005, 1006 in the first image module
310 and the second image module 320 (which are two-
dimensional image modules), respectively, three points in
the reference space may be specified where a first vector
1011, a second vector 1012, and a third vector 1013 of the
target regions of interest corresponding to the first image
module 310 intersect a fourth vector 1021, a fifth vector
1022, and a sixth vector 1023 of the target regions of interest
corresponding to the second image module 320, so that the
positional relationship between the first image module 310
and the second image module 320 may be specified on the
basis of the three points.

As another example, according to one embodiment of the
invention, when in-image coordinate points of three target
regions of interest are seventh to ninth coordinate points and
tenth to twelfth coordinate points in the first image module
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310 and the second image module 320 (which are three-
dimensional image modules), respectively, three regions in
the reference space may be specified where a first spatial
figure, a second spatial figure, and a third spatial figure of the
target regions of interest corresponding to the first image
module 310 intersect a fourth spatial figure, a fifth spatial
figure, and a sixth spatial figure of the target regions of
interest corresponding to the second image module 320, so
that the positional relationship between the first image
module 310 and the second image module 320 may be
specified on the basis of the three regions.

As yet another example, according to one embodiment of
the invention, when in-image coordinate points of three
target regions of interest are thirteenth to fifteenth coordinate
points and sixteenth to eighteenth coordinate points in the
first image module 310 and the second image module 320
(which are two-dimensional and three-dimensional image
modules), respectively, three points in the reference space
may be specified where a seventh vector, a eighth vector, and
a ninth vector of the target regions of interest corresponding
to the first image module 310 intersect a seventh spatial
figure, an eighth spatial figure, and a ninth spatial figure of
the target regions of interest corresponding to the second
image module 320, so that the positional relationship
between the first image module 310 and the second image
module 320 may be specified on the basis of the three points.

Next, the communication unit 230 according to one
embodiment of the invention may function to enable data
transmission/reception from/to the information acquisition
unit 210 and the spatial coordinate calculation unit 220.

Lastly, the control unit 240 according to one embodiment
of'the invention may function to control data flow among the
information acquisition unit 210, the spatial coordinate
calculation unit 220, and the communication unit 230. That
is, the control unit 240 according to the invention may
control data flow into/out of the position calculation system
200 or data flow among the respective components of the
position calculation system 200, such that the information
acquisition unit 210, the spatial coordinate calculation unit
220, and the communication unit 230 may carry out their
particular functions, respectively.

FIG. 11 illustratively shows how to calculate a spatial
coordinate point of a region of interest by the position
calculation system 200 according to one embodiment of the
invention.

According to one embodiment of the invention, it may be
assumed that the spatial coordinate point of the region of
interest is calculated by the first image module 310 and the
second image module 320, which are two-dimensional
image modules. Further, in this case, the region of interest
according to one embodiment of the invention may be a
point 1130 of a user’s finger gun.

First, according to one embodiment of the invention,
information on in-image coordinate points 1110 and 1120 of
a region of interest 1130 contained in a plurality of images
respectively photographed by the first image module 310
and the second image module 320 may be acquired. That is,
according to one embodiment of the invention, the position
calculation system 200 does not acquire the images photo-
graphed by the first image module 310 and the second image
module 320, but acquire the information on the in-image
coordinate points of the region of interest contained in these
images.

Next, according to one embodiment of the invention,
vectors 1140 and 1150 containing a position where the target
region of interest 1130 is located in the reference space may
be specified on the basis of information on positions where
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the first image module 310 and the second image module
320 are installed and the information on the in-image
coordinate points 1110 and 1120 of the target region of
interest 1130 contained in the images photographed by the
first image module 310 and the second image module 320.
That is, according to one embodiment of the invention, a first
vector 1140 of the target region of interest 1130 correspond-
ing to the first image module 310 in the reference space and
a second vector 1150 of the target region of interest 1130
corresponding to the second image module 320 in the
reference space may be specified, respectively.

Next, according to one embodiment of the invention, a
point of intersection 1160 between the first vector 1140 and
the second vector 1150 may be specified as the position
where the target region of interest 1130 is located in the
reference space.

Next, according to one embodiment of the invention, the
position calculation system 200 may calculate a coordinate
point 1160 corresponding to the specified position in the
reference space as a spatial coordinate point of the region of
interest 1130 according to the invention.

FIG. 12 illustratively shows how to specify positions of
the plurality of image modules 300 using information on
physical values of an object according to one embodiment of
the invention.

The position calculation system 200 according to one
embodiment of the invention may specify coordinate points
of positions where the plurality of image modules 300 are
installed in the reference space, with reference to informa-
tion on physical values of an object in the real world (e.g.,
a length, size, area, and volume of the object).

For example, referring to FIG. 12, when an object 1250 is
in the shape of a tetragon, the position calculation system
200 according to one embodiment of the invention may
specify coordinate points of positions where the first image
module 310 and the second image module 320 are installed
in the reference space, by determining each corner point of
the object 1250 as a target region of interest to acquire
information on in-image coordinate points 1201, 1202,
1203, 1204, 1205, 1206, 1207, and 1208 of the target regions
of interest, and comparing and analyzing the acquired infor-
mation on the coordinate points 1201, 1202, 1203, 1204,
1205, 1206, 1207, and 1208 and information on physical
values (e.g., a width, depth, height, and angle) of the object
1250 in the real world. Meanwhile, according to one
embodiment of the invention, the position calculation sys-
tem 200 may specify the coordinate points of the positions
where the first image module 310 and the second image
module 320 are installed in the reference space, with further
reference to information on a coordinate point of each corner
point of the object 1250 in the reference space.

The embodiments according to the invention as described
above may be implemented in the form of program instruc-
tions that can be executed by various computer components,
and may be stored on a computer-readable recording
medium. The computer-readable recording medium may
include program instructions, data files, and data structures,
separately or in combination. The program instructions
stored on the computer-readable recording medium may be
specially designed and configured for the present invention,
or may also be known and available to those skilled in the
computer software field. Examples of the computer-readable
recording medium include the following: magnetic media
such as hard disks, floppy disks and magnetic tapes; optical
media such as compact disk-read only memory (CD-ROM)
and digital versatile disks (DVDs); magneto-optical media
such as floptical disks; and hardware devices such as read-
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only memory (ROM), random access memory (RAM) and
flash memory, which are specially configured to store and
execute program instructions. Examples of the program
instructions include not only machine language codes cre-
ated by a compiler, but also high-level language codes that
can be executed by a computer using an interpreter. The
above hardware devices may be changed to one or more
software modules to perform the processes of the present
invention, and vice versa.

Although the present invention has been described above
in terms of specific items such as detailed elements as well
as the limited embodiments and the drawings, they are only
provided to help more general understanding of the inven-
tion, and the present invention is not limited to the above
embodiments. It will be appreciated by those skilled in the
art to which the present invention pertains that various
modifications and changes may be made from the above
description.

Therefore, the spirit of the present invention shall not be
limited to the above-described embodiments, and the entire
scope of the appended claims and their equivalents will fall
within the scope and spirit of the invention.

What is claimed is:

1. A method for calculating a spatial coordinate point of
a region of interest, the method comprising the steps of:

acquiring information on an in-image coordinate point of

a region of interest contained in each of a plurality of
images respectively photographed by a plurality of
image modules;

specifying a candidate figure in a reference space, with

reference to information on a position where at least
one of the plurality of image modules is installed and
information on an in-image coordinate point of a target
region of interest contained in an image photographed
by the at least one image module, the candidate figure
containing a position where the target region of interest
is located in the reference space; and

specitying the position where the target region of interest

is located in the reference space, with reference to a
positional relationship between a first candidate figure
of the target region of interest corresponding to a first
image module and a second candidate figure of the
target region of interest corresponding to a second
image module,

wherein the step of specifying the position where the

target region of interest is located in the reference space
comprises the steps of:

determining whether the first and second candidate figures

intersect each other;
in response to determining that the first and second
candidate figures intersect each other, specifying the
position where the target region of interest is located in
the reference space, on the basis of a point or region of
intersection between the first and second candidate
figures; and
in response to determining that the first and second
candidate figures do not intersect each other, specitying
the position where the target region of interest is
located in the reference space, on the basis of a line
connecting the first and second candidate figures, and

wherein areas or volumes of the first and second candidate
figures are adaptively determined according to resolu-
tions of the first and second image modules.

2. The method of claim 1, wherein in the step of speci-
fying the candidate figure, the candidate figure is specified
with further reference to properties of the at least one image
module.
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3. The method of claim 1, wherein the first and second
candidate figures are specified as vectors when the first
image module and the second image module are two-
dimensional image modules.

4. The method of claim 1, wherein the first and second
candidate figures are specified as spatial figures when the
first image module and the second image module are three-
dimensional image modules.

5. The method of claim 1, wherein the first and second
candidate figures are specified as a spatial figure and a vector
when the first image module and the second image module
are a three-dimensional image module and a two-dimen-
sional image module, respectively.

6. The method of claim 1, wherein information on a
positional relationship between the plurality of imaging
modules is specified with reference to information on in-
image coordinate points of at least three target regions of
interest.

7. The method of claim 1, wherein the first candidate
figure of the first image module and the second candidate
figure of the second image module are matched with each
other on the basis of each frame synchronized between the
first image module and the second image module.

8. The method of claim 1, wherein the information on the
in-image coordinate point of the target region of interest
includes identification information distinguishable between
aplurality of target regions of interest, and the first candidate
figure of the first image module and the second candidate
figure of the second image module are matched with each
other on the basis of the identification information.

9. The method of claim 1, wherein when the first candi-
date figure of the first image module and the second candi-
date figure of the second image module do not match
one-to-one, candidate figures capable of being grouped
among the first candidate figure of the first image module
and the second candidate figure of the second image module
are specified and matched with each other.

10. A non-transitory computer-readable recording
medium having stored thereon a computer program for
executing the method of claim 1.

11. The method of claim 3, wherein the position where the
target region of interest is located is specified as a point of
intersection between a first vector of the target region of
interest corresponding to the first image module and a
second vector of the target region of interest corresponding
to the second image module.

12. The method of claim 4, wherein the position where the
target region of interest is located is specified as a region of
intersection between a first spatial figure of the target region
of interest corresponding to the first image module and a
second spatial figure of the target region of interest corre-
sponding to the second image module.

13. The method of claim 5, wherein the position where the
target region of interest is located is specified as a point of
intersection between a spatial figure of the target region of
interest corresponding to the first image module and a vector
of the target region of interest corresponding to the second
image module.

14. A system for calculating a spatial coordinate point of
a region of interest, the system comprising:

an information acquisition unit configured to acquire

information on an in-image coordinate point of a region
of interest contained in each of a plurality of images
respectively photographed by a plurality of image
modules; and

a spatial coordinate calculation unit configured to specify

a candidate figure in a reference space, with reference
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to information on a position where at least one of the
plurality of image modules is installed and information
on an in-image coordinate point of a target region of
interest contained in an image photographed by the at
least one image module, the candidate figure containing
a position where the target region of interest is located
in the reference space, and to specify the position where
the target region of interest is located in the reference
space, with reference to a positional relationship
between a first candidate figure of the target region of
interest corresponding to a first image module and a
second candidate figure of the target region of interest
corresponding to a second image module,

wherein the spatial coordinate calculation unit is config-
ured to:

determine whether the first and second candidate figures
intersect each other;

in response to determining that the first and second
candidate figures intersect each other, specify the posi-
tion where the target region of interest is located in the
reference space, on the basis of a point or region of
intersection between the first and second candidate
figures; and

in response to determining that the first and second
candidate figures do not intersect each other, specify
the position where the target region of interest is
located in the reference space, on the basis of a line
connecting the first and second candidate figures, and

wherein areas or volumes of the first and second candidate
figures are adaptively determined according to resolu-
tions of the first and second image modules.
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